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Mearns  Cottontail  Investigations
In Iowa
By  GEORGE  O.  HENDRICKSON
TTrEe:=epdorrtaap:::yofinthreecceoitfonyteaaiis:s firs.ammereT.armdFaalnhdasesif:--
mates supplied by State  game  agencies the United  States Fish
and  Wildlife  Service  estimated  that  20,000,000   rabbits   were
taken  in  the  United  States  in  1941  for  food  and  for  sport,  a
recreational  outlet  for  several  million  citizens  now   (Crouch,
1942) .
For some  years  shortened  seasons  and  decreased  bag  limits
partially  satisfied  increased  numbers  of  cottontail LhunterS  in
northeastem states.   To  increase  the  seedstock about  25  years
ago,  those states began to  purchase wild  cottontails in  central
states  where  hunting  pressure  was  considerably  less  than  in
the east.  Also,  the need for improvement o£ cover became ap-
parent.   As the rabbit importing business developed the prices
rose, with decreasing supplies and increasing demands, too high
for eastern buyers.   Finally  sportsmen of  central  states  asked
for legislation to curtail  excessive  shipping of the game  out  of
their states in years of low populations.
The  eastern  states  tried  cottontail  farms  from  which  seed-
stock was liberated in the wild, but the production cost was too
high  to  be  met  willingly  by  the  average  hunter.   About  five
years ago Pennsylvania began to trap rabbits in villages, cities
and preserves where shooting was inadvisable and release the
animals in the hunting areas at one-third to one-half the cost of
westem  rabbits   (Gerstell,1939).   Ohio  devised  a  similar  sys-
* Journal Papel- No.  J-1084 of the Iowa Agricultural Experiment  Sta-
tion, Ames, Iowa.  Project No. 568, Fish and Wildlife Service  (U. S. Depart-
ment  of the  Interior), Iowa State  College,  Iowa  State  Conservation  Com_
mission,  and  the  American  Wildlife  Institute  cooperating.
Nineteen Forty-three 59
ten   (Stuber,1938).   The  policy  of  improvement  of  the  cover
and  the maintenance  o£  a  sufficient  seedstock  in  the  wild  was
accepted by Iowa in its  Twenty-Five  Year Conservation  Plan
(Leopold, 1933) , before our rabbit resource was depleted badly.
All  that  remained  was  to   devise   economical  and  practical
methods of inventory and cover improvement through research
which was also envisioned in the  Plan and shortly started.
Experiments  With  Permed  Cottontails
Now a wildlife manager is concerned chiefly with animals in
the  wild.    Consequently  he  values  very  highly  information
gained in the field.  The research worker who devises field prac-
tices in game management often finds that field information is
interpreted better with knowledge gained from penned animals.
Such  knowledge  is  not  always  gained  easily  as  many  have
learned  who  have  caged  cottontails   (St/Zt,¬lcLgt4S)   for  Observa-
tion  (Dice,1929l).
After learning in a game management course with us in the
fall  quarter,  1936,  how  little  was  kno\un  about  the  breeding
habits  of  cottontails,  Sam  R.  Blackman  and  Wilbur  A.  Wulff,
Fo1'. '38, volunteered to assist in observation on penned Mearns
cottontails   (St/tt,6hagtts flo7'!'dCL7"S meCLmSi6) .   Shortly  after  be-
ginning, we accepted the help of Henry Schwane, For.  '40, and
William  C.  Landgren,  Agron.  '38.   An  open  courtyard,  about
50  by  70  feet and  enclosed  by  a  dormitory  in  which  the  stu-
dents roomed, was taken over for cottontails.  Through several
windows facing the court the observers, frequently more than
we  self-assigned,  made  their  observations.
With box traps, three male and three female cottontails were
obtained  on the  campus  and  placed  in  the  pen  between  Feb-
ruary 6 and February 27, 1937.  To provide individual daytime
shelters,  several  boxes  and  nail  kegs  were  distributed  along
the edges of the pens but the cottontails did not use them.   In-
stead  they  took  shelter  between  a  ridge  of  ice,  accumulated
frozen snow-water from the roof, and the building wall at the
south  side  of  the  enclosure.   There,  spread  about  eight  feet
apart,  they  spent  the  daylight  hours  of  the  first  few  weeks.
Although  each  rabbit  was  marked  with  paint  or  an  area  o£
clipped hair, conditions did not permit of learning whether or
not any had a  fixed  site  as  a  regularly  occupied  form  behind
the ice ridge.
The  court  had  a  few  decorative  shrubs,   chiefly  tartarian
honeysuckle, common barberry and bridal wreath, and several
low black willow, American elm, mulberry and white oak trees.
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At first a heavy blanket of snow on the earthen floor aided in
night observations.  A supply of oats, corn, and wheat was kept
in  a  pan  at  the  north  end  of  the  enclosure.  Poplar,  willow,
and honeysuckle twigs were supplied daily.  Occasionally alfalfa
hay  was  fed.   At  first  the  grain  was  not  taken  readily,  and
honeysuckle was preferred  to poplar and willow,  the  third  in
choice.  Alfalfa was not taken freely and apparently not by all
of the  animals.
During  most  of  the  night  hours  a  rabbit  or  two  could  be
seen at the grain pan.    Never were more than two  cottontails
seen to eat at the pan at the same time.   Only does ate together.
l^Then a buck or a third doe approached, one of the feeding does
rushed at the intruder, chased it away, and came back to drive
the  other  doe  from  the pan  as  £requenllly as  to  come back  to
eat  wtih her.   After a month  of confinement the rabbits  were
seen  to  feed  frequently  early  in  the  morning  and  late  in  the
afternoon.  To a limited extent the rabbits fed on the shrubbery
of  the  enclosure.   They  were  observed  several  times  to  stand
erect  on  the  hind  feet,  deliberately  pull  branches  down  with
the fore feet and gnaw off twigs.   Green grass was eaten when
it was  obtainable in spring.
Early in the period the fights began.   Invariably  the partici-
pants with  tails  and  ears  erect  approached  each  other  slowly
and  cautiously.   Then  a  sudden dash by  one  or  both  brought
them together.  In that dash the rabbits often jumped two feet
in the air and the one above brought his claws into play on the
back  of  the  one  underneath.   The  fights  were  short,  and  the
winner did not pursue the loser, which hurried away.  No seri-
ous  injuries  and  no  spilled  blood  were  noted,  and  only  occa-
sional loose hair marked the site of the conflict.
On  February  17  the  chasing  and  fighting  increased  notice-
ably  and  continued  two  days.  All  the  rabbits  were  seen occa-
sionally in tandem chasing around the court, and at times one
spurted,  jumped over the one  ahead and kicked  it out  of line
as he or she passed over.  Schwane observed a pair presumably
in copulation in the  evening of February  19.   Throughout  the
next  day  the  buck  assumed  to  be  triumphant  remained  near
the  doe  despite  obvious  attempts  of  the  other males  to  drive
him away.   About  three weeks later a  low tunnel-like  shelter
of bricks and boards was made at the west side of the court and
was  occasionally  entered  by  rabbits.
Anticipation  of  a  brood  o£  young  prompted  close  watching
for nest building by the pregnant  doe beginning  about March
12.   For although Dice   (1929)  gave  28  days  or possibly  less  as
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the approximate gestation period some have suggested a period
as short as 21  days and many as long as 30  days.   No attempts
at digging in the frozen earth or other activities indicating nest
preparation by the doe were noted. The top boards of the arti-
ficial tunnel were lifted each two or three days, although none
o£ us expected to find a  nest there.   But  early in  the  forenoon
o£ March  18  a nest of hair  inclosing five  blind, nearly hairless
young cottontails was found in the tunnel.  Probably they were
bom  late  on  March  17  following  a  gestation  period  of  26-27
days.  Apparently this nest was not entirely satisfactory for on
several occasions the young were found outside the nest on the
frozen earthen floor of the tunnel.   We  looked  at  and handled
the juveniles, perhaps too much, and tried to notice  when the
eyes  opened.   The  eyes  of  the  young  were  opened  fully  on
March 27, at 10 days of age, but the lids appeared to several o±'
us  to  be  slightly  open two  or  three  days  before  that.   Shortly
thereafter, because of events described in the next paragraph,
the  nestlings were  removed to  be reared  indoors.   In addition
to  taking  milk  from  an  eye-dropper  they  began  eating  small
quantities  of  green  grass  at  19  days  of  age.   By  April  6  the
rearing attempt had failed,  all were  dead.
Renewed  chasing  and fighting  during  the  last three  days  o£
February,  a similar but  somewhat less  evident pairing o£ one
buck and a doe at the end o£ the period than with the former
pai1',  and Subsequent lessening O£ fighting Suggested  a  Success-
ful  mating.   On  March  31  a  second  brood  o£  four  young  was
noted in the nest o£ the first brood with little or no hair having
been added.  The gestation period then was about 30 days and
the two  cases  averaged about  28  days.   After  two  days  it  was
clear  that  the  nest was  not  suited  to  the  two  broods  and  the
younger  ones  were  found  the  more  often  outside  in  the  cold.
Then the  older ones  were  taken  away  from  the  nest  as  men-
tioned  above.   Only  one  o£  the  second  brood  survived,  how-
ever, for the others shortly after their eyes opened were killed,
presumably by an adult cottontail.   The rear quarters  o£ their
bodies were badly chewed but none o£ the flesh had been taken.
As all o£ us were intently concerned with the two litters none
observed the adults sufficiently to note mating behavior on the
part  of  a  third pair.   On  April  30  the  third  female  was  seen
carrying  mouthfuls  o£  grass  and  paper.   An  observer  on  fol-
lowing her found  a nest  excavation at the  base  of a barberry
shrub.   On  May  2  the  hole  was  filled  with  grass,  tree  leaves,
and paper, but was without hair.   On May 4 the  doe was seen
to pull hair  in large  mouthfuls  from  her  abdomen  and  sides.
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Each  mouthful was placed  in  the  nest  cavity  with  the  assist-
ance  of  the  fore  feet  so  that  the  hair  was  innermost  of  the
lining.   After all this activity the birth of the young and their
deposition  in  the  completed  nest  was  expected  hourly,   but
several days went by and the nest remained empty.
In the meantime the bucks were removed from the court and
set  ±'ree.    About  one  week  later,  May  12,  in  daylight  the  two
does  which had borne  the  first broods  were noted hopping  in
file  around  the  enclosure,  and  several  times  when  the  leader
stopped  the  rear  ;ne  mounted  it.   They  remained  within  two
feet o£ each other for some hours.   During the next three days
the three does were removed and set free.
It was evident that the third female had home a brood,  but
we were unable to find the nest.  Several days after the release
o£  the  does  Landgren  spotted  a  young  cottontail  with  eyes
open,  but  barely  able  to  move  about,  in  the  court.   Soon  the
nest was  found with five  additional  young.   Because  only  one
rabbit of the first two litters survived, we decided to leave the
third brood in the  court to  care for themselves.   Each  evening
they  were  observed to leave  the  nest and feed  on grass.   One
disappeared but the remaining five continued to spend the day-
light hours in the nest for about a week after we found them,
after which  they were not in it again.
When  these  five  were  about  six  weeks  old  their  ears,  and
those of the  lone  survivor o£  the  second  brood,  were  notched.
The  six  were  liberated among  the  honeysuckles  adjacent  to  a
heating tunnel nearby on the Campus.
With the resumption of the study in 1938 two male and two
female  cottontails  were  caught  in  January  and  placed  in  the
dormitory  court.   All were  taken among`  the  honeysuckles  ad-
jacent  to  the  heating  tunnel  previously  mentioned.   The  two
males,  ear-notched,  were  of the  six  cottontails  reared  in  1937,
and  released  within  10  yards  of  the  trapping  site.   The  males
acted  as  wild  as  the  females  which  were  reared  in  the  open.
Continued  trapping  in  the  tunnel  vicinity  yielded  two  more
unmarked rabbits, a male and female, and from track observa-
tions it was judged that the six were the population using this
shrubby cover of 20 square rods at the east side of the heating
tunnel during January.   Because our rearing attempts had not
been  highly  successful  the  previous  year  we  decided  to  have
only  two pairs  under  observation,  assuming  that  there  would
be less fighting and rearing interference.
Food, the  same  as in 1937,  was provided  and  accepted  as  in
the  previous  year.   The  willow  suckers  and  twigs  were  taken
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freely,  and more  of the  bridalwreath  and barberry was  eaten
than in the previous year.   Grass,  when it came on, was again
taken  freely.
On  very  cold  nights  the  animals  were  less  active  than  on
warmer nights.   On  cold  nights  after  hopping  short  distances
the  cottontails  stopped,  fluffed  out  the  pelage  and  remained
quiet  for  long  periods.   In  daylight  the  inactive  rabbits  were
approached more closely in damp weather than in dry weather.
Each  animal  had  a  form  at  which  it  could  be  found  regu-
larly for some days, and from which a well-defined path of exit
was used as regularly.  For instance, one doe flushed from her
home form near the southeast comer of the court moved north
along  the  east  wall,  rested  a  while  under  shrubbery  at  the
north  end  and,  when  not  disurbed  further,  returned  shortly
along  the  west  and  south  walls  to  her  regular  form.   Chased
from  its  regular form,  a  resting  rabbit  when  approached  ap-
peared  to  flatten  closer  to  the  ground  than  at  the  home  site.
Noises  only  at  close  range  frightened  the  animals  from  their
forms.
Possibly because the ice ridge was lacking in 1938 the cotton-
tails  sought  the  shelter  o£  the  artificial  tunnel  and  boxes  in
coldest weather.  But as in the previous winter in warm periods
the four occupants of the court tended to have regular forms in
the open at the south end, possibly because the entrance door
of the court was at the north end or because it was more shaded
than the north end in  the winter sunlight.   One  buck was ob-
served  occasionally  in  a  low  sturdy  willow  tree  crotch  about
1.5  feet  above  the  ground,  although  more  frequently  he  was
seen in a ground form a few feet from the  tree.   One  day the
male  was  observed  to  climb  into  the  low  crotch,  jump  to  the
ground and return to his form several times in succession.  The
willow,  closely  pruned,  had  several  thick  slanting  branches,
permitting  rather  easy  climbing.   Once,  the  buck  was  noted
in a crotch of the willow six feet above the ground,  and  at an
observer's approach he jumped to the ground.
Tandem  chasing  was  observed  at  times  together  with  occa-
sional  interference  among  the  participants.   Although  the  ob-
served  fighting  was  less  than  in  the  previous  year,  the  first-
trapped doe was found dead between a nail keg and the court
wall in mid-February.  Most of the hair and skin had been torn
from  the  rear  of  her  back  presumably  by  one  of  the  other
cottontails.   On  March  1  the  first-trapped  buck  was  released
from the court after receiving injuries in attacks by the  other
male.
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With  only  one  pair  remaining  in  the  enclosure  we  thought
their affairs would run smoothly.   But the doe  more viciously
than any rabbit we had observed repeatedly attacked the lone
buck.   Hence  a  cage,  5  feet  square  and  4  feet  high,  was  con-
structed  of  meshed  wire  fencing  to  enclose  one  of  the  pair
except  when  an  observer  was  at  hand  to  protect  the  male.
A shelter keg was placed in the cage and burlap was tied to a
height  of  eight  inches  at  the  sides  to  prevent  injury  when  a
rabbit batted itself against the  fencing.   The  doe  never  rested
while  observed  in  the  cage.   She  pawed  at  the  burlap  and
several times was seen to tug at it after seizing the cloth with
her teeth.   Often she stood on her hind feet and tried to force
an  opening in  the  fencing  above  the  cloth.   The  buck  on  the
other hand was much less restless in the cage than the doe.
When both were released in the open court the buck nearly
always  tried  to  keep  a  safe  distance  from  the  doe.   Twice  he
tried to hold his own against the attacks of the doe, but he soon
fled from the persistent pummelling by the jumping doe's feet.
When we  placed  both  rabbits  in the  cage  the  male  usually
had  an  even  worse  time  with  the  female.   There  he  did  not
fight  back  except  feebly  when  cornered.   On  one  occasion  it
appeared  that  a  successful  mating  would  occur.   The  male,
following a cautious approach, placed his fore feet on the back
of  the  resting  female,  and  then  retreated.    After  the  third
repetition  of  this  procedure  the  female,  after  moving  slowly
towards  the  male,  on  reaching  him  attacked  vigorously  with
her fore feet.  Then, as previously and at several cagings after-
wards,  the  two  were  separated,  we  hoping  the  male  was  not
seriously injured.  But by mid-March he was dead and internal
congested areas  indicated  the  female's  responsibility.
On  March  29  another  trapped  buck,  after  a  week  of  con-
finement,  was  released  in  the  court  with  the  female.   They
were  left free  in the  enclosure  during  the  nights,  and  one  or
the  other was  kept  in  the  cage  in  daytime  when  we  were  at
classes.  In general the female behaved as with the other buck,
but  the  new  male  was  an  able  fighter  and  we  expected  an
eventual  mating.   Then  the  male  without  an  obvious  sign  o£
illness lost flesh rapidly and by April 10 it seemed advisable to
release him while he was still alive.
The  doe  was  kept  in  the  court  several  weeks  longer  as  we
expected  to  trap  another male,  but  were  not  successful.   The
female  one  night  dug  a hole  about  six  inches  wide  and  eight
inches deep under a barberry  but examination  did not reveal
pregnancy. She did not carry any materials to the hole and we
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never saw her near it.  The earth  which she had scratched out
in  front  of  the  hole  and  tramped  down  furnished  us  with  a
clew, however, which encouraged our more vigorous search for
nests in the fields which up to this time had been disappointing.
Our  court  studies  were  discontinued  with   setting  the   lone
female  free  in  May.
On April 19 a young cottontail with eyes closed was brought
to us, and we  decided to observe it more  closely than those  of
the previous pair.   As on the next day its eyes were open,  we
set its age at about 10 days.   After a  day of the usual frequent
feeding on warm  sweetened milk  from  an  eye-dropper it  was
noted  to  munch  a  stem  of  dry  grass  in  its  bedding  material.
Fresh grass offered at once was not taken, but on the next day
it fed again on dry grass.   At the  age  of  12  days  it sat  up  and
washed  itself  as  though  well-experienced  in  the  art.   At  13
days  o£  age  it  ate  some  green  grass  and  took  less  milk  than
on  the  previous  day,  and  at  14  days  reversed  the  proportion.
Carrots,  lettuce,  green  grass  and  some  milk  were  taken  at  15
days.   At 16 days as we tried to feed it milk the young cotton-
tail  surprised  us  by  going  into  spasms.   On  its  17th  day  the
juvenile  had  more  spasms  and  several  times  went  through
queer  antics  such  as  walking  on  its  fore  feet  only  and  either
dragging  the  hind  feet  or  holding  them  above  the  floor.   We
thought  it  dead  two  or  three  times.   But  those  spells  were
short and  in between  it  ate  well  on  carrot,  lettuce,  and  milk.
A Senior veterinary student, who late in the  day saw the cot-
tontail  in  a  spasm,  suggested  ear  mite  trouble  and  treated  it
by  moistening  the  ear  canal  with  cigaret  lighter  fluid  on  a
match-cotton  swab.  The  rabbit  had  no  more  spasms.    In  1939
we  found  a  juvenile  in  the  field  acting  in  like  manner  which
responded  to  similar  treatment  and  was  turned  loose  after
several  days.   At  18  days  we  discontinued  the  milk  and  as
water  was  not  taken  only  plant  material  was  supplied  there-
after to the young animal which we kept until  eight weeks  of
age and then released in the open.   During  the  last  five weeks
it  fed  on  several  species  o£  grass,  white  clover,  lettuce,  and
dandelion, with decided preference for dandelion.
Locating  Cottontail  Nests
Theodor  R.  Swem,  For.   740,  who  joined  the  group  in  the
search for nests in the spring,  1938, was the most successful in
that phase of  the  study.   The  search  was  conducted mostly  on
College  land  and  some  nests  were  shown  to  us  by  workmen
who found them accidentally.
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Hunting nests was  discouraging for none  of us  knew  a  sys-
tematic  approach.   That had to  be  developed.   We  first looked
in grassy places near shrubbery, particularly where adult cot-
tontails.  were  seen.   Not  once  did  the  presence  of  a  tarrying
adult  lead  to  or  bring  us  near  a  nest.   Only  once  did  we  see
an adult apparently watchful o£ our presence  at  a nest.  While
two of us stooped to peer into a nest previously found we heard
a  thump  on  the  hard  ground,  looked  in  the  direction  from
which  the  sound  came,  and  saw  an  adult  cottontail  about  25
feet from  us  stamp the  ground  twice  with  its  fore  feet.   In  a
moment  it  retreated  to  nearby  tall  grass  which  concealed  it
from our view.
O£  a  total  of  21  nests  found  in  the  spring,  1938,  5  were  in
nursery  seed  or  seedling  beds,  1  in  a  forest  nursery  pit,  2  in
hayfields, 3 on the campus lawns,  1 in a vegetable garden,  1  in
a strawberry patch, 2 in a grape vineyard, 4 in oat strawstacks,
1 in open woods, and 1 in a grassy fence row.   All but three or
four o£ the nests were on level ground.
The closest vegetation tall enough to conceal an adult rabbit,
or  to  act  as  a  hazard  behind  which  the  animal  might  dodge
when pursued, was observed within 5 feet o£ six nests,  5 to  10
feet from two  nests,  10  to  20  feet from four nests and over  20
feet from nine  nests.
Twelve  o£  the  nests  had  75  young  cottontails,  with  a  mini-
mumo£ 3 anda maximum of  12 to a nest.   The  12  in one  nest
were clearly of two sizes, evidently litters of two  females.  The
members o£ one nestful of nine were of so nearly the same size
that we concluded they had but one mother.  As the female cot-
tontail  has  only  eight  teats  we  wondered  how  the  litter  took
turns to receive equal feedings.  The average number in a litter
was  5.7 young.
The only extensive  cottontail nesting article  up to  that  time
(Trippensee, 1936)  reported 3 nests observed in cut lawns, 2 in
open hardwoods, 4 under conifer trees, 2 in flower beds, 1 under
briers of fence rows and 3  in open fields,  a total of 15 nests o£
which  6  contained  young.   An  average  of  approximately  five
young  was  found  in  27  litters  reported  by  observers  to  Trip-
pensee  who  advised  additional  work  on  cottontail  production
because  "life  history  and  life  requirements  of  cottontails  are
different in different localities from southern Michigan" where
where he worked.
To  obtain an estimate  of  the  numbers  of  cottontails  on  Col-
lege  lands,  Wayne  Chambers,  For.  '39,  volunteered  his  ser-
vices.   He  spent 23 hours  a  week  for  five  weeks  in  June  and
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July,  1938,  walking  over  different  paths  each  time  out  and
counting observed  and flushed  cottontails.   A  total o£  129' rab-
bits, 83 adult and 46 young, were seen.  The flushing rate  was
1.1  cottontails  an hour  which  according  to  an  inventory  for-
mula  (Hendrickson,  1939a)  represents  a population density  of
about 1  cottontail to  3 acres.   As all  o£ the  college  lands  are  a
preserve the surplus is not taken where produced.  Many drift
off and are  shot on immediately surrounding  areas.
Between  March  and  November,  1939,  1940,  and  1941,  we
found  126  nests  on  288  acres  o£  selected  fields  in  Davis  and
Wayne  Counties  in  southem  Iowa  and  in  centrally  located
Boone  and  Story  Counties.   The  spring populations  were  esti-
mated  at  0.3  to  2  cottontails  an  acre   (Hendrickson,   1940a,
1940b) .   The  fields varied in area from  5 to  12  acres and  each
bore, or had adjacent, good shelter cover suitable to cottontails.
The  cover  o£  the  separate  fields  ranged  from  closely  grazed
bluegrass   to  lightly  pastured  well-shaded   woods,   including
unmown   weeds,   timothy,   clover,   garden   crops,   orchards,
groves, lightly pastured clearings, and rural school yards.
The  most productive nesting tract, a  lightly  grazed  clearing
with partly sprouted stumps, bore about one nest to an acre in
1940.   A  woven wire-fenced  rural  school  yard,  carrying  blue-
grass and sweet clover ground cover, a dozen trees and as many
stumps, was the banner single acre,  yielding six nests  in 1940.
The nests were found as the workers walked across the fields
at intervals of about eight feet one or two times a month.  The
nest-containing pockets  in the  soil  averaged about 4  inches  in
depth,  5 inches in width and 6  inches in length,  and in nearly
all cases slanted back under the  soil surface.   A patch  o£ bare
soil about 6 inches in diameter, dug out and tramped do\un by
the female cottontail in the nest pocket excavation, was visible
in  front  o£  most  of  the  nests.  In  clear-ingS  nests  Were  found
often  at  the  bases  of  stumps  when  the  young  cottontails  re-
vealed themselves by wiggling the nest contents or by squeal-
ing in response to the searcher's prodding with a stick. Usually
the  soil  platform  and  the  nesting  material  o£  the  stump  nest
were covered with old leaves so well that one could not visually
detect the nest.  The nest material of an average nest was abc,ut
one-third hair and two-thirds soft plant material, usually grass.
Nesting Data
An average of about four young to a litter was found  in  18
nests discovered by us and an average of about six to a  litter
was reported by gardeners in 15 nests, of which one contained
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ll young of two sizes and one had 12 young of two sizes. About
five  young  cottontails  composed  an  average  litter.     Slightly
more than one-half of the nests were judged to have been used,
i.e.,  young had  been  placed  in them.   About  two-thirds  of  the
used nests brought off young successfully.
Although  March  nesting  is  reported  occasionally,  the  re-
search workers found none in that month.  In the quarter, April
through  June,  about  two-thirds  o£  the  nesting  occurred,  and
about  one-third  in  the  quarter,  July  through  September.   No
nest was kno`^m to have been used  in October or later  in the
year.   Hence,  it  is probable  that  in  a  year  a  female  bore  two
to  four  litters  averaging  five  young,  or  10  to  20  offspring,  of
which  about  two-thirds,  7  to  14,  left  the  nests  but  not  all  o£
which  survived until fall.
Factors  Affecting  Cottontail  Survival and Management
Inventories  of  150  acres  of  college  arboretum  and  adjacent
orchard  in  1942  showed  a  spring  seedstock  of  28  cottontails
and a fall number o£ 74.  The production rate of cottontails was
about  164  percent  on  this  non-hunted  tract  where  we  have
not  found  tularemia.   An  average  female  cottontail  produced
about  three  young  in  the  summer  that  lived  into  fall.    That
production rate is not necessarily transferable to all other areas
of the state.  Rather that rate is indicative of production on an
area  carrying  seedstock  near  or  to  its  full  capacity  as  condi-
tions  are.   In  other  words,  the  survival  rate  does  not  greatly
exceed the death rate when winter loss by continued predation
and drift from the tract to adjacent shooting areas are  consid-
ered in the life equation.  We accounted for a loss to predators
and  from  drift  to  shooting  areas  o£  32  cottontails  in  winter
1940-41,  following  a  1941  seedstock  and  production  about  the
same  as  this year.   In  fact,  although  our  population  and  pro-
duction data on this tract were similar in each o£ the successive
past six years,  we have  greater  confidence  in  the  data  of  1941
and 1942 than in the other years because our refined inventory
techniques  yielded  comparable  results  with  more  individual
observers.
In  1941  we  were  afforded  an  opportunity  to  observe  the
effects  of  burning  cover  on  rabbit  production   (Hendrickson,
1941).   About  50  acres  o£  the  college  arboretum  were  burned
over late in winter,  1940-41,  and the  tract was mowed several
times  in  the  following  summer.   Following  the  burning,  the
remaining  cottontails  were  found  in natural hollows,  in  shel-
ter of old herbaceous stems, and in shallow burrows apparent-
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1y excavated  by  the  rabbits.   Two  cottontail  nests  were  found
on the tract in summer,  1941, whereas  there were eight nests,
1940.   But as  stated in the previous  paragraph the production
on the entire 150 acres of arboretum and orchard was not de-
creased apparently.
Our first article  on the  cottontail  (Hendrickson,  1936)   dealt
with observations on a 15-acre tract on which nine  adults and
four  juveniles  were  found  in  June  and  July,  1935.   By  fecal
pellet-count  distributions  nine  feeding  or  daytime  territories
were  outlined  to  average  0.33  acres  for  an  adult  cottontail.
We  were  not  able  to  suggest  the  areas  of  any  other  types  of
territories at that time.  No  doubt the summer home ranges of
these  adults  were  7  to  20  times  their  feeding  territories,  as
then interpreted,  in light of many  observations made on  indi-
vidual rabbits early in morning and  evening in later years  on
that tract.  Since that time we have seen three to six cottontails
in  tandem  chase  several  imes  int  spring  on  this  15-acre  tract
o£ which the cover has not changed materially  in the past six
years.   We  have  observed  such  a  chase,  probably  involving
more than one female as well as several males at times, move
over  5  to  10  acres  in less  than an hour.   In  winter  individual
tracks  have  been  traced  over  a  maximum  o£  10  acres  o£  the
tract and 5 acres o£ adjacent land.
Preliminary general advice on cover management was offer-
ed  (Hendrickson, 1937)  as sho\m in the following quoted sum-
mary, applying to conditions as of 1934-1936, inclusively.  "Cot-
tontails  in  Iowa  have  decreased  markedly  in  the  last  seve1'al
years.  This is particularly true in some southern and westem
counties  because  of  drought  and  insect  damage  to  food  and
cover; perhaps, too, because of wart disease and some parasites,
and probablybecause of increased predation by foxes on heavily
diseased and parasitized individuals in winters of heavier snow
and  sleet.   Destruction o£  grasshoppers  by  poisoned bran and
chinch bugs with  oil  barriers  on vast  acreages  has  meant  for
increased cover and food for cottontails.   Farmers  and  sports-
men   through   conservation   officers   and   county   agricultural
agents  were  furnished  with  information  from  the  college  in-
vestigations  o£  several  sorts  which  suggested  that planting  of
shrubbery  in  gullies,  some  covering  of  vegetation  on  the  soil
throughout the year and feeding of fruit tree prunings to fab-
bits  in  winter  are  better  agriculture  and  cottontail  manage-
ment;  cottontail management  may  be  enhanced  by  protective
cover  at  intervals  of  approximately  200  yards;   interspersed
corn, small grain and hayfields furnish food,  loafing, play and
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rearing  cover.   It  was  shown  in  several  formal  demonstration
areas  and  on  many  other  farms  that  farmers  and  sportsmen
are cognizant of the facts and willing to cooperate in cottontail
and  other  game  management.''   See  Hendrickson   (1938)   also.
In  1938  cottontails  began  to  die  of  tularemia  in  scattered
areas   (Hendrickson,1939b).   The  epizootic  reached  its  peak
in 1939, decreasing markedly in 1940.  The disease took a greater
toll of rabbits in southem counties than in northern  counties,
and although  the disease has not disappeared the  animals  are
DT.  Goo.  O.  Hendrickson  (r6ght)  and Dr.  lose  Carvalho  exa,mine  a, rGLbbit
for  tula,rem¬a  lestOus.
increasing in those areas heavily depopulated two to four years
ago   (Hendrickson,1942).   Tularemia  at  its  peak  in  man  in
1939,  was  reported  on  by  a  member  of  Iowa  State  Board  of
Health   (Jordan,   1940)   with  whom  we   cooperate,   and   the
disease in domestic animals  was  reported  on by  a member  of
the  cooperating  Division  of  Veterinary  Medicine,  Iowa  State
College,   (Waller,1940).
An  investigation  of  the  parasites  of  210  cottontails  taken
during the hunting season, 1938-39  (Morgan and Waller, 1940) ,
disclosed four  species  o£  arthropod  ectoparasites,  seven  worm
species,  and  eight  species  of protozoa.  None  was  harmed  ser-
iously   by  parasites.    Nearly   one-third   o£   the   rabbits   bore
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grayish-white necrotic foci 1 to 3 mm. in diameter on the livers,
presumably caused by tapeworms which left the livers for the
peritoneal  cavity.   Such  spots  are  confusing  to  hunters  who
interpret them as tularemia lesions.   The coccidia o£ Iowa rab-
bits recently were investigated in some detail  (Carvalho, 1942) .
The well-known predator on the cottontail, the great horned
owl,  does  not  materially  affect  populations  of  its  prey  well
situated  in  suitable  cover  and  with  an  adequate  food  supply
as  shown  in  an  extensive,  thorough  investigation   (Errington,
Hamerstrom  and  Hamerstrom,1940).   The  short-eared  owl,
often numerous in parts of Iowa in winter,  does not take  cot-
tontails   (Swan  and  Hendrickson,1938).    On  the  Moingona
Wildlife  Research  Area,  a  well-kno\^m  fox  range  in  Boone
County,  detailed research for three  years showed that the fox
did  not  measurably  modify  the   cottontail  numbers   (Scott,
1942) .  The badger  (Snead and Hendrickson, 1942)  takes many
cottontails,  but  the  prey  reserve  uses  the  burrows  dug  by
badgers to such an extent that it is apparent that open closely
grazed  grassland,  not  suitable  to  cottontails  without  the  bur-
rows,   is  bettered   as  cottontail  environment  by   the  badger
activity.    Weasels do  not decrease  cottontails  materially  (Po1-
derboer, Kuhn and Hendrickson, 1941) .
The following advanced  students  in Economic  Zoology have
assisted  in  the  cottontail  investigations:    Dean  Eckhoff,  Cecil
Haight,  Harry  Harrison,  Henry  Huizinga,  Lee  Kuhn,  Robert
Moorman, Emmett Polderboer, Loren Potter, Maurice Provost,
William  Sigler,  Edwin  Snead,  Carl  Trautman  and  Richard
Trump.
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